Heligmosomoides vandegrifti sp. nov. (Nematoda, Heligmosomidae) is described from Peromyscus maniculatus (Rodentia, Cricetidae) from Pennsylvania, USA. It differs from its closest congener, H. douglasi, in the number of cuticular ridges (35 vs. 32 in male, 36 vs. 41 in female at mid-body), longer bursal rays 2 in relation to rays 3, and in having smaller spicules (635-740 µm long vs. 1 mm). It is proposed that both H. douglasi and H. vandegrifti sp. nov. are parasites of capture from species in North American arvicoline rodents.
Introduction

Species of Heligmosomoides
are intestinal parasites of rodents of Cricetidae and Muridae, and are Holarctic in distribution. Asakawa (1988) listed 28 species in the genus, divided into 5 groups by morphological characteristics and the zoogeographical distribution of both hosts and parasites. The great majority of these species parasitize cricetid rodents of the subfamily Arvicolinae and only a few have been reported from hosts in the Neotominae. In North America, H. douglasi (Durette-Desset, Kinsella et Forrester, 1972) was described from Reithrodontomys raviventris Dixon in California, and H. polygyrus bakeri (Durette-Desset, Kinsella et Forrester, 1972 from Reithrodontomys megalotis (Baird), R. raviventris, and Mus musculus Linnaeus in California (Durette-Desset et al. 1972) . On the basis of molecular analyses, the latter subspecies has recently been raised to a species, H. bakeri, by Cable et al. (2006) .
The deer mouse, Peromyscus maniculatus (Wagner) (Rodentia, Cricetidae, Neotominae), is one of the most widespread rodents in North America, ranging from Alaska to northern Mexico and from California to the east coast, except for the southeastern United States (Wilson and Reeder 2005) . During studies of P. maniculatus in Pennsylvania, a new species of Heligmosomoides was collected by Kurt J. Vandegrift and is herein described.
Materials and methods
During the course of a small mammal study in the Pennsylvania State University Experimental Forest, Centre County, Pennsylvania (40°37´9.9½N, 77°54´29.3½W) between April and August 2004, a total of 434 Peromyscus maniculatus were examined for gastrointestinal parasites. Nematodes were fixed and preserved in 70% ethanol with 5% glycerine and examined in temporary mounts of lactophenol. The synlophe was studied following the method of Durette-Desset (1985) . The total number of cuticular ridges is followed in brackets by the number of dorsal ridges then ventral ridges. The nomenclature used for the study of the caudal bursa is that of Durette-Desset and Chabaud (1981) . The nomenclature for the parasites used above the family group follows Durette-Desset and Chabaud (1993) . Measurements are given in micrometers, unless othStefañski DOI: 10.2478/s11686-007-0047-7
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Figs 1-16. Heligmosomoides vandegrifti sp. nov.: 1 -female, head, apical view; 2 and 3 -male, arising of the cuticular ridges, left and right lateral views, respectively; 4 and 5 -male 4 mm long, transverse sections, at mid-body (1.8 mm from apex) (4), 150 µm anterior to caudal bursa (5); 6 -female, anterior extremity, right lateral view; 7 -genital cone; 8 -tip of one spicule; 9 -male, caudal bursa; 10 -ventral view (membrane not figures), female, ovijector and tail, right lateral view; 11 and 12 -male, caudal bursa (11), rays 9 and 8, dorsal view (12), left lateral view; 13 -male, excretory pore and deirids, ventral view; 14-16 -female, 8.6 mm long, transverse sections of body, at oesophageal intestinal junction (14), at mid-body (3.2 mm from apex) (15) General: Small nematodes, strongly coiled sinistrally along ventral side in 3-4 spirals in males, more loosely and irregularly coiled in females. Excretory pore within middle third of oesophagus in male, varying from 41 to 79% from the anterior end of the oesophagus in female. Deirids setiform, situated at level of excretory pore (Fig. 12) observed only in holotype male, two paratype males and allotype female.
Synlophe (studied in 1 male and 1 female paratypes): In both sexes cuticle bearing longitudinal, uninterrupted ridges without chitinoid strut, appearing posterior to cephalic vesicle on right and median sides (Fig. 2) and at different levels between cephalic vesicle and oesophageal intestinal junction on left side (Fig. 3) . Ridges disappearing just anterior to caudal bursa in male (Fig. 9 ) and at level of anus in female. Number of ridges: at level of oesophago-intestinal junction, 38 (19/19) male, 40 (19/21) female (Fig. 14) , at mid-body, 34 (17/17) in male (Fig. 4) and 36 (18/18) in female (Fig. 15) , in posterior region, 32 (16/16) in male (Fig. 5) , 35 (18/17) in female ( Fig.  16) . At mid-body, dorsal ridges slightly equal in size smaller than ventral ridges also slightly equal in size. At mid-body, axis of orientation of ridges sub-frontal.
Holotype male: 5.40 mm long and 90 wide at mid-body, cephalic vesicle 80 long and 40 wide, nerve ring, excretory pore and deirids situated at 240, 320 and 320 from apex, respectively. Oesophagus 560 long. Caudal bursa sub-symmetrical with right lobe slightly more developed (Fig. 9) . Prebursal papillae relatively developed. Pattern of type 2-3 with short common trunk for rays 4 to 6. Rays 2 relatively long. Rays 3 most developed. Thin rays 8 shorter than rays 6 with extremities curved dorsally, arising at base of dorsal ray. Dorsal ray very short divided at about mid-length into two branches. Each branch divided into two twigs, rays 9 (external) more developed than rays 10 (internal). Genital cone well developed 20 long by 30 wide at base, bearing two long papillae 7 on dorsal lip (Fig. 7) . Papilla zero not observed. Gubernaculum absent. Dorsal lobe entirely covered by membrane which hinders observation except in dorsal view (Figs 11 and  12 ). Spicules subequal, alate, 730 long, representing 13.5% of body length, ending in sharp tip 14 long (Fig. 8) . Spicules divided into 2 closely attached of similar size parts except at both extremities.
Measurements (range and average) of 11 male paratypes: 4.4 (3.9-5.1) mm long and 72 (55-90) wide at mid-body. Cephalic vesicle 87 (60-110) long and 43 (38-50) wide. Nerve ring (n = 2), excretory pore (n = 10) and deirids (n = 2) situated at 197 (150-225), 267 (200-310), 282 (265-300) from apex, respectively. Oesophagus 516 (440-650) long.
Spicules 665 (635-740) long, representing 13 to 17% of body length.
Allotype female: 7.5 mm long and 80 wide at mid-body. Cephalic vesicle 75 long and 40 wide. Nerve ring, excretory pore and deirids situated at 155, 260 and 265 from apex, respectively. Oesophagus 510 long (Fig. 6) . Monodelphic. Vulva situated at 320 from caudal extremity. Vagina vera 45 long, vestibule 450, sphincter 40 long and 55 wide, infundibulum 150 long (Fig. 10) . Uterus 800 long, 14% of body length, containing 11 eggs at morula stage, 60-70 long and 40 wide. Tail 100 long with caudal spine 20 long (Fig. 10) .
Measurements ( 
Taxonomic summary
Type host: Peromyscus maniculatus (Wagner) (Rodentia, Cricetidae).
Site of infection: Small intestine. Type locality: Pennsylvania State Experimental Forest, Centre County, Pennsylvania, USA., 40°37´9.9½N, 77°54´29.3½W.
Type specimens: male holotype, female allotype MNHN 405 Mqa; 14 male, 9 female paratypes MNHN 405 MQb.
Prevalence and intensity of infection: 16 of 434 (3.7%) hosts infected with 1-45 (mean 5.2) worms.
Etymology: the species is named in honor of Kurt J. Vandegrift, who collected the material.
Differential diagnosis
The specimens described above belong to the genus Heligmosomoides Hall, 1916 as redefined by Durette-Desset (1968) , mainly characterized by longitudinal cuticular ridges and a poorly developed dorsal ray. Among the Nearctic species, H. douglasi, which is a parasite of Reithrodontomys raviventris from California (USA) is the most closely related to our specimens with a similar pattern of caudal bursa, the presence of a bursal membrane inside the dorsal lobe, more than 30 cuticular ridges, relatively short spicules and a short vestibule. The females are almost identical except for the size (11.9 in H. douglasi vs. 5.7 to 8.6 mm in the new species). The new species is also differentiated by the number of cuticular ridges (35 vs. 32 in male, 36 vs. 41 in female at mid-body), by longer bursal rays 2 in relation to rays 3, and smaller spicules (635-740 long vs. 1 mm). It differs from H. bakeri, the only other species from North American Neotominae, in the number of cuticular ridges (35-36 vs. 46 ) and spicule 344 Stanis³a length (635-740 vs. 420-520) . We consider the specimens from Peromyscus to belong to a new species which we have named Heligmosomoides vandegrifti sp. nov.
Discussion
Although P. maniculatus has been extensively surveyed for helminths in North America (Dyer 1969) , records of Heligmosomoides spp. have been quite rare, and prevalences have been low. Previous records from Peromyscus spp. include H. polygyrus from P. maniculatus in California (Ehrenford 1954) and Nevada (Babero and Matthias 1967) , Peromyscus leucopus (Rafinesque) in Maryland (Hall et al. 1955) , and Peromyscus eremicus (Baird) in Nevada (Babero and Matthias 1967) . The nematodes collected by Ehrenford (1954) were used to establish the "Strain 50" used in many experimental studies, which was later described as H. polygyrus bakeri (= H. bakeri) by Durette-Desset et al. (1972) . It is possible the nematodes collected by Hall et al. (1955) in Maryland could have been H. vandegrifti sp. nov., but no voucher specimens were deposited. In the southeastern United States, P. maniculatus is replaced by other species of deer mice such as P. gossypinus (LeConte) and P. polionotus (Wagner), which are parasitized by trichostrongylids of the genus Carolinensis, family Heligmonellidae (see Kinsella 1991) . Asakawa (1988) proposed that the "travassosi-douglasi line" of Heligmosomoides was ancient because it occurred in cricetid rodents in Eurasia, and had crossed the Beringean land bridge to evolve into species such as H. douglasi and H. turgidus (Walton, 1923 ) (a parasite of voles which "descended secondarily from this line and is adapted to species of the genus Microtus") in North America. We propose that the Eurasian and North American cricetid species may have risen independently as "parasites of capture" from different species of arvicoline rodents. Based on the length of the spicules (relatively short) and the number of cuticular ridges (relatively high), we believe that H. turgidus and H. vandergrifti sp. nov. may be considered the most primitive species of Heligmosomoides in North America, and that H. turgidus may be the origin of the capture in Cricetidae. Molecular analyses might determine which theory is correct. (Accepted September 25, 2007) 
